Introduction: Low-and middle-income countries (LMICs) are continuing to experience a "triple burden" of diseasetraumatic injury, non-communicable diseases (NCDs), and communicable disease with maternal and neonatal conditions (CD&Ms). The epidemiology of this triad is not well characterised and poses significant challenges to resource allocations, administration, and education of emergency care providers. The data collected in this study provide a comprehensive description of the emergency centre at Kenya's largest public tertiary care hospital. Methods: This study is a retrospective chart review conducted at Kenyatta National Hospital of all patient encounters over a four-month period. Data were collected from financial and emergency centre triage records along with admission and mortality logbooks. Chief complaints and discharge diagnoses collected by specially trained research assistants were manually converted to standardised diagnoses using International Classification of Disease 10 (ICD-10) codes. ICD-10 codes were categorised into groups based on the ICD-10 classification system for presentation. Results: A total of 23,941 patients presented to the emergency centre during the study period for an estimated annual census of 71,823. The majority of patients were aged 18-64 years (58%) with 50% of patients being male and only 3% of unknown sex. The majority of patients (61%) were treated in the emergency centre, observed, and discharged home. Admission was the next most common disposition (33%) followed by death (6%). Head injury was the overall most common diagnosis (11%) associated with admission. Conclusions: Trends toward NCDs and traumatic diseases have been described by this study and merit further investigation in both the urban and rural setting. Specifically, the significance of head injury on healthcare cost, utilisation, and patient death and disability points to the growing need of additional resources at Kenyatta National Hospital for acute care. It further demonstrates the mounting impact of trauma in Kenya and throughout the developing world.
Introduction
There have been major shifts in the disease patterns of low-and middle-income countries (LMICs) due to industrialisation and economic growth [1] . These countries are now experiencing a well described "triple burden" of disease: traumatic injury, non-communicable diseases (NCDs), and communicable disease with maternal and neonatal conditions (CD&Ms). This has led to major shifts in disease patterns where urbanisation is occurring at a higher rate than in other comparable regions, especially in East Africa [1, 2] . However, the epidemiology of this triad of disease remains poorly characterised and poses significant challenges to resource allocation, administration, and education of health care providers. Historically, funds have been more weighted towards research and health system development in communicable diseases (e.g., HIV, tuberculosis and malaria), but that trend must now be re-evaluated [3, 4] . Subsequently, these health systems are now tasked with caring for traumatically ill patients at a steadily increasing rate as the incidence of trauma, accidents, and injury rises [1, 5] . Only upon acknowledgement of the significant burden of trauma and acute presentations of NCDs can resource allocation be accurately tailored to the true burden of disease and the development of emergency care systems be appropriately prioritised [6, 7] .
This study provides a comprehensive description of the acute care burden of disease in the emergency centre (EC) at Kenya's largest public tertiary hospital. This information can subsequently be used to drive the development of emergency care systems, redirect the focus of funding, and highlight areas in need of further research in acute care.
Methods
This is a single site study conducted at Kenyatta National Hospital (KNH). KNH is the largest public tertiary referral centre in Kenya. At the time of this study, there were three areas where emergency services were delivered at KNH: the emergency centre, the Paediatric Emergency Unit (PEU), and the Outpatient Unit for lower acuity patients. The emergency centre cares for those with medical or surgical emergencies over the age of twelve. The emergency centre also cares for children with burns or traumatic injuries age twelve or younger. The PEU provides medical care to children aged 0-12 years. As of 2017, the outpatient clinic was disbanded and these lower acuity patients are now either evaluated in the emergency centre or triaged to outpatient specialty clinics. The annual patient census of these combined areas in 2014 was 163,426, with 69,294 patients treated in the EC [8] . Medical care is provided by a combination of full-time and part-time medical officers and nurses along with nursing and emergency medical technician (EMT) students. A medical officer is a physician who has completed medical school and a one-year medical internship. These physicians do not have specialised emergency medicine training; rather, they have varying levels of experience and postgraduate training. Advanced Cardiac Life Support (ACLS), Advanced Trauma Life Support (ATLS), and a variable degree of disaster training has been completed by selected staff. Further, many nurses have completed a one-year emergency nursing certification course that is unique to KNH.
This study is a retrospective chart review of all patient encounters over a four-month period from 01 October 2014 to 31 January 2015. Data were collected from financial and EC triage records along with admission and mortality logbooks. Data collection was completed by trained research assistants (RAs) over a six-week period. Recorded parameters included medical record number, patient demographics (age, sex), presenting vital signs, and chief complaint on arrival, as well as admitting diagnosis or cause of death when applicable. Data were entered via electronic tablets into REDCap [9] , a secure, online database, supported by the University of Minnesota [10] . Chief complaints and discharge diagnoses collected by specially trained RAs were manually converted to a standardised diagnosis using International Classification of Disease 10 (ICD-10) codes, as utilised in similar research settings [11, 12] . Consensus classifications for both common and rare diagnoses were reached by group discussion under the oversight of the principal investigator.
All data are presented as "n" and a percentage by logbook (triage, admission and mortality). Data are presented by age groups (all, 0-4 years, 5-17 years, 18-64 years and ≥65 years). ICD-10 codes were categorised into groups based on the ICD-10 classification system for presentation. For comparison to previous literature, the subset of patients presenting with head injury and the incidence of each triple burden of disease [13] were described. STATA 15 (StataCorp., College Station, TX) was used for all analyses.
Results
A total of 23,941 patients presented to the EC during the four-month study period for an estimated annual census of 71,823. Triage records were available for 20,359 patients or 85% of all encounters. The majority of patients were aged 18-64 years (n=13,182; 58%) with 50% (n=10,075) of patients being male and only 3% (n = 684) of unknown sex. Table 1 outlines the demographics of all patients presenting to the EC.
The majority of patients (61%) were presumed to be treated in the EC, observed, and discharged home. This percentage is derived by omission from the other data sets and therefore slightly subject to error. Admission was the next most common disposition (33%) followed by death in the EC (6%). The percentage of patients admitted varied across Table 1 Demographic characteristics of patients treated at Kenyatta National Hospital and included in the triage/observation, admission and mortality logbooks presented as n (%).
All
Age groups (years) age groups (range 40-60%). Patients who were dead on arrival to the EC and underwent attempted resuscitation were included in this study (n=191). The top 20 ICD-10 diagnoses for the available triage data are listed by percentage for patients presenting to triage/observation (n=20,359) in Fig. 1 . These are further divided by the top 20 diagnoses for each age group. The most common overall presenting diagnosis was "digestive system and abdominal complaints" (10%). Head injury (8%) and general signs and symptoms (8%) make up the second most common chief complaints. Accidents (7%), circulatory and respiratory symptoms (7%), non-inflammatory disorders of the female genital tract (5%), encounters for health services evaluation (5%), injury to unspecified part of the body (5%), assault (3%), and other maternal disorders (3%) make up the top ten presenting diagnoses and 61% of all presenting complaints.
A total of 7,939 patients required admission during our study time period with an estimated annual admission rate of 33% (Fig. 2) . Head injury was the overall most common diagnosis (11%) associated with admission and was the leading admission diagnosis in both the 5-17 and 18-64-year age groups. Among patients aged 0-4 years (n=577), burns and corrosions (19%) were the most common diagnoses associated with admission. Patients 65 years and older (n=778) were most commonly admitted due to non-communicable illnesses: cerebrovascular disease (12%), heart disease (11%), hypertensive disease (7%), renal failure (7%), and endocrine disorders (6%). Mortality logbook information is described in Fig. 3 . A total of 1,340 patients died while in the EC during our study period. Of these patients, 191 were dead on arrival to the EC and underwent attempted resuscitation. With the exclusion of patients who died from an ill-defined or unknown aetiology (23%), head injury was the most common diagnosis associated with death (19%). This held true for all age categories except patients aged 65 or older where NCDs made up the majority of diagnoses associated with death in the EC. Fig. 4 shows the ICD-10 diagnoses by category (CD&Ms, NCDs, injury, and undefined) for both the triage and admitted populations. The most common category for both groups was traumatic injury (24% and 34%, respectively). This was followed by NCDs (17% and 21%, respectively), and CD&Ms (15% and 8%, respectively). Of note, these data sets have a significant proportion of undefined diagnoses (52% and 29%, respectively).
Head injury diagnoses are further described regarding mode of injury, sex of the presenting patient, and age of the patient in Table 2 . A total of 1,587 patients presented to observation/triage during the study period and were diagnosed with head injury. Eighty percent (n=1,263) of these patients were male with only 3% (n=44) of unknown sex. Among patients with a known mechanism of injury, the most commonly seen was motorised vehicle accidents (n=287; 18%), followed by assault (n=228; 14%), and fall (n=98; 6%). Of the patients requiring admission, 11% carried the primary diagnosis of head injury (n=864). Of those presenting with head injury 16% (n=256) died in the EC.
Discussion
This study aimed to describe the acute care burden of disease at the EC of Kenya's largest public hospital. It revealed that traumatic injuries, NCDs, and CD&Ms are all prominent reasons for acute care presentation and admission. This is in contrast to prior data regarding disease patterns in the population at large. Furthermore, it shows high patient volumes, high levels of patient acuity, and high rates of admission at KNH. Of particular interest is the prominent role of head injuries among patients seeking care, those that died in the EC, and those being admitted. This is an important epidemiological finding that merits both current consideration and further evaluation.
Historically, funds have been more heavily weighted towards research and health system development in CD&Ms (e.g., HIV, tuberculosis and malaria) [4, 5] . This "vertical approach" of prioritising important diseases over broader health system initiatives has neglected emergency care systems in developing countries. While CD&Ms may still represent the most common cause of death, premature death, and disability in Kenya, this study and other recently published data show that the majority of hospital presentations were related to NCDs and traumatic injuries [13, 21] . The difference in this identified burden of acute care relative to broader disease patterns could be due to the urban and tertiary care setting rather than the majority rural setting of Kenya. Data from the same time period seem to confirm the predominance of infectious disease in the acute care rural setting in Kenya [22] . The development of a national acute care data set is crucial to addressing this discrepancy and to understanding disease patterns and prevalence, access to care, and treatment. PROJECT 47, a nation-wide Kenyan public-private partnership, is assessing capacity and access to emergency care in the 47 counties in Kenya with the goal of reaching a universal emergency care coverage system and addressing the longstanding deficit created by the historical focus on CD&Ms. Additionally, the project has the potential to fill information gaps and provide a complete data set on emergency epidemiology of disease [23] . The development of PROJECT 47 and the increased interest in acute care delivery in Kenya could not be timelier. The EC at KNH sees a large number of patients with an estimated annual census of 71,823 patients. The high level of acuity is reflected by an admission rate of 33% and a mortality rate of 6%. However, different patient populations presenting to the EC demonstrate different patterns of illness and injury. Among patients over the age of 65, the most common presentations were for NCDs, such as heart disease or diabetes. These presenting diagnoses accounted for all of the top ten diagnoses seen in the triage cohort in this age group. Further, NCDs accounted for eight of the top diagnoses associated with admission. NCDs are projected to become an increasing cause of disease burden as the number of NCD-related deaths has risen worldwide in all regions since 2000 [24] . Options for treatment and prevention of NCDs are poorly accessible to Kenyans especially in rural areas due to the cost of screening and treatment as well as limited access to care [25] . This trend in rising NCDs provides a framework for both further investigation and targeted intervention.
A different pattern is seen among children under five years old whose most common triage diagnosis was burns and corrosions (14%). Burns in this age category are most commonly related to flame burns or scalds with hot fluids [26, 27] . Further, low level of education, use of kerosene for cooking, and lack of knowledge of burn injury prevention and fire safety are studied risk factors related to burn injuries at KNH [26] . Of note, patients under the age of five were incompletely evaluated in this cohort due to being evaluated in the Paediatric Emergency Unit (PEU). Paediatric patients under this age with medical complaints are triaged directly in the PEU and are missing from the data set.
Traumatic injury accounted for three of the top four diagnoses related to admission and 34% (n=2536) of patients requiring admission at KNH. Notably, head injury is the leading diagnosis associated with admission and second leading diagnosis associated with death in patients presenting to the EC. This finding highlights the rising need for tertiary care centres with acute care capabilities and a target ripe for primary, secondary and tertiary public health interventions. The continued urbanisation occurring across LMICs along with the patterns of disease described above foreshadows the inevitable increase in traumatic illness and underscores the importance of emergency medicine research, education, public health interventions and systems development [1, 2] . This study shows that the true burden of disease seen at KNH is not limited to CD&Ms but has a much broader base that includes NCDs and traumatic injury. Recognising this fact will allow for the redirection of attention and funding needed for improvement in patient care and outcomes.
Head injury was found to be the leading diagnosis related to admission. The significance of this on healthcare utilisation and subsequently on cost is tremendous. The Healthcare Cost and Utilization Project found that admissions related to traumatic brain injury (TBI) were both longer and more costly in comparison to non-TBI injuries [28] . Although we do not know the level of care required for those admitted for head injury in our cohort, other studies have been done to examine this. A recent study in South Africa found that 20% of patients admitted for head injury were classified as moderate (10%) to severe (10%). All patients categorised as severe met criteria for advanced airway placement and intensive care unit (ICU) admission, however, only 33% of those patients were admitted to the ICU due to limited availability of equipment and resources [29] . They also found the mortality risk to be significantly higher in those patients admitted to the general ward as compared to the ICU. The study highlights the deficit of adequate critical care resources to care for this burden of disease in LMICs [29, 30] .
Head injury is a disease largely of the male, working aged population [29, [31] [32] [33] . Our data showed that 80% of all patients presenting to the EC with head injury were male. Of these men, 65% (n=821) were between the age of 18-64 years (Fig. 5) . Further, 58% (n=731) of these men were between the age of 18-45 years. Male risk of TBI is nearly fourfold that of female [31] . This is in contrast to the ratios in the United States of 2.2:1 and in China of 2.5:1 [34, 35] . From the available data, motor vehicle accidents, assaults, and falls made up nearly 40% of injury mechanisms related to TBI. Of note, a portion of data regarding mechanism of injury was missing from logbooks, rendering this data incomplete. A recent Ethiopian study found very similar results regarding the epidemiology of head injured patients with a predominance of males (87%) and the mechanism of injury of motor vehicle accidents (41%) [33] .
Identifying head injury as the leading cause of morbidity and mortality reveals its potential impact on Kenyan culture, economy, and society. Of patients who survive such injuries, the sequelae of TBI can be life changing. A diagnosis of TBI carries a 2.5-time increased risk of death along with a six-year reduction in life expectancy when compared to the general population in high income countries [32] . These risks have not been calculated or well estimated in LMICs and could potentially be higher. Patients suffering a TBI have also been shown to have a higher risk of developing psychiatric symptoms and illness; most commonly hostility, depression, and anxiety. Low social functioning, low vocational functioning, and lack of independence are all correlated to psychiatric sequelae from head injury [36] . Head injury trends in this specific age population of men could have detrimental effects on Kenyan society, the work force, and the economy in the future.
Thus far, policy initiatives directed towards the prevention of TBIs have manifested as road traffic laws and regulations. For example, speed, helmet, seat-belt, and drink-driving laws have been implemented. The exponential increase in use of motorcycles in LMICs for transportation has been accompanied by a similar rise in motorcycle related deaths [37] . Helmet use is widely known to reduce the risk of head injury in motorcycle related motor vehicle accidents, however, despite this fact, compliance with helmet laws are dismal. Less than 40% of motorcyclists wear a helmet while traveling and there has not been a significant increase in helmet use following implementation of stricter regulations [38] . Issues with compliance and access to both helmets and seat-belts are limiting the impact of these regulations on improved safety.
In addition to preventive efforts, improvement of TBI care from prehospital, through EC care, hospitalisation to discharge, and rehabilitation should be addressed. Standardisation of pre-hospital provider training is on the horizon in Kenya and will greatly improve care delivered in the pre-hospital setting [39] . Pre-hospital transportation and equipment needs along with gaps in hospital staffing and equipment are all areas that require further research to improve TBI care. Information is also needed to appreciate outcomes and needs of TBI patients after discharge from facilities such as KNH. As of this time, the burden of post-hospital care is left to families and communities because there are no brain injury rehabilitation centres available to patients following discharge from KNH. This is also true for patients following discharge from private sector hospitals [40] .
This study included patients presenting to a tertiary referral centre in the metropolitan hub of Nairobi, Kenya. KNH is a government owned and staffed facility and cares for a mix of patients, the majority of whom are in a lower socioeconomic group [14] . The surrounding private forprofit hospitals in Nairobi see patients from a higher socioeconomic group who could be suffering from different disease patterns [15, 16] . For a broader view of the epidemiology of illness and injury, future studies should include data from surrounding hospitals in Nairobi as well as the larger number of rural care centres in Kenya [2, 17] .
A significant amount of data are missing from record books regarding mechanism of injury which is a known limitation of any retrospective study. Despite the incomplete data, our results align with similar studies reported in the literature. Two recent prospective studies performed in Kenya looking at the epidemiology of injury both found a male majority in patients presenting with injury, as well as road traffic injury as the most common mechanism of injury [18, 19] . Another preliminary study points to a high volume of trauma in a rural setting in Kenya as well. [20] Although these studies are from more recent data sets, their results are consistent with our findings, suggesting consistency in data trends over this short time gap. The delay in presentation of our data is largely secondary to the lengthy time required for re-coding and electronic conversion of data.
This study shows that the acute care burden of disease in the EC at KNH is not limited to CD&Ms, which have historically been the target of healthcare investments. Rather, there is a large burden of NCDs, particularly among the elderly, and a large burden of traumatic injury, particularly among the male, working-age population. An especially noteworthy finding of this study is the prominence of patients with head injury, which has broader public health and policy implications. Additional research on the national acute care burden of disease, including rural areas, is needed to better understand both populationlevel trends in disease epidemiology as well as the epidemiology of acute care. This in turn can lead to improved resource allocation, provider training, and targeted public health initiatives.
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Table 2
Gender and trauma type of patients diagnosed with head injury after evaluation at Kenyatta National Hospital and included in the triage/observation, admission and mortality logbooks presented as n (%).
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